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1. INTRODUCTION 

Palladium is an radiant gleaming white metal that was 
found in 1803 by William Hyde Wollaston, Palladium 

(II) has the electronic configuration 4d
8
 5s

0
 into external 

orbital. In the coordination compounds of Pd although 5 
and 6 coordinate compounds are known’s, but the 
maximum number of compounds exhibit coordination 
number four square planar geometry.

[1-5]
 Palladium 

exhibits the extraordinary catalytic and corrosion 

resistance properties, both as a metal and as an alloy, 
which have various applications. There are a few 
highlights which make responses including Pd impetuses 
and reagents especially helpful and flexible among many 
change metals utilized for natural blend. Resistance of Pd 
impetuses and reagents to numerous useful gatherings, 

for example, carbonyl and hydroxy gatherings is the 
second vital element. The poisonous quality of Pd has 
represented no significant issue up until today. In natural 
amalgamation, two salts of Pd mixes, in particular Pd (II) 
salts and Pd (0) edifices are utilized. Pd (II) mixes are 
principally utilized as oxidizing reagents, or impetuses 

for a couple of responses. Pd (II) compounds, for 
example, PdCl2 and Pd(OAc)2 are steady, and 
economically accessible. They can be utilized in two 
different ways: as one of kind stoichiometric oxidizing 
operators; and as antecedents of Pd (0) complexes. PdCl2 
is steady; however its dissolvability in water and natural 

solvents is low. 
 

Several metal complexes exhibit diverse biological 
activities, including antidiabetic properties. Palladium 
(II) complexes exhibit several pharmacological 

properties and the most promising application in 
medicinal chemistry appears to be the possible use in the 
treatment of diabetes. Many Palladium (II)  complexes 
with organic ligand L have been used for their capability 
to stimulate cellular glucose uptake as an insulin-mimetic 
action have been also found to be very useful as 

antihypertension. 
 
W.J. Geary Prepared new complexes of ruthenium (III), 
Pd (II) and Co(II) complexes with thiosemicarbazone 
ligands.

[6]
 The complexes were characterized with the 

assistance of FTIR, UV-Vis, 1H NMR spectroscopic 

examinations, molar conductivity, magnetic, thermal and 
elemental analyzer and suggested that the complex had 
been formed. Based on the above examinations, it has 
recommended that the Ru (III) and Co (II) complexes 
have the tetrahedral geometry while Pd (II) complex was 
square planar. They likewise investigated that palladium 

complex limited with DNA particles demonstrated no 
fluorescence searching activity. The complexes were 
additionally screened for antibacterial action information 
recommend that ligand and metal complexes uncover 
that wonderful antibacterial action against every single 
taken microorganism. 

 
Some complex of palladium (II) with N,N-
dimethylthiourea and phosphines 
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ABSTRACT 

The Palladium (II) is situated in 10 group of the periodic table. A new series of ligand coordination compound of 
Palladium having square planner stereochemistry, around the metal ion with the general formula [PdL2Cl2] where 
L= Allyl Alcohol has been isolated in the solid state by the interaction of with the aforesaid ligands. The 
synthesized coordination compound has been characterized by elemental analysis, molar conductance, magnetic 
measurements, UV spectra, infra red spectral measurements, NMR studies and cyclic voltammogram. A square 

planner structure has been proposed for square planner complex. The antioxidant property of Pd is analyzed with 
DPPH, free radical by spectrophotometric method and result them as an antioxidant. It exhibit strong antibacterial 
as well as antioxidant properties. It is observed that, the synthesized compound is green in colour. The complex 
has anti tumor activity. 
 
KEYWORDS: Coordination chemistry, Allyl Alcohol, Palladium (II) chloride, Anti tumor activity. 
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[triptolylphosphine(Tptp),benzyl(diphenyl)phosphine(Bd
p), cyclohexyl (diphenyl) phosphine(Cdp)] at a molar 
proportion of 1:2:2. The complexes were characterized 
by elemental analyser, multinuclear NMR (

1
H,

13
C,

31
P), 

FT-IR further the complex with cyclohexyl 
(diphenyl)phosphine was described by single crystal X-
beam examination. The spectral and crystallographic 
information recommend the complex was mutilated 
square planar with monodentate coordination of 
dimethylthiourea through the sulfur molecule and the 

phosphine ligand through the phosphorus particle of 
palladium(II).The synthesized complex was considerable 
attention has focused on allyl alcohol palladium(II) 
complex and their rearrangement mechanisms because 
they are postulated intermediates for certain 
homogeneously catalyzed reactions. Coordination of a 

reactive organic moiety to the transition metal often 
allows a configuration to be assumed which leads to 
stereoselectivity in the reaction products. Presumable, 
studies of these complexes will lead to a greater 
understanding of the factors which influence these stereo 
selective reactions. 

 
Recent investigations have shown that 

1
H NMR 

spectroscopy is a facile diagnostic tool for the 
elucidation of the mechanisms by which different 
configurations of this complex may interconvert. The 
substitution reaction of the palladium (II) complex has 

been reviewed in the past. Legend substitution reactions 
of square –planner Palladium (II) complex occur with the 
retention of configuration.  
 

2. Experimental Section 

Materials and Methods 

PdCl2, allyl alcohol was obtained from TOKYO KASEI 
Organic Chemical, Japan and B.D.H England. Distilled 
water used in all the operations. 
 

Preparation of [Pd (Allyl Alcohol)2 Cl2] 

A mixture of PdCl2 (500mg) and ligand allylalcohol 

(1gm) in water and methanol (50ml) was refluxed at 80 
0
C 67 hours until it become a clear yellowish colour 

solution. This volume was reduced to 5ml and treated 
with methanol. The resulting green crystals was collected 
and washed well with ethanol.

[8]
 

 

The general reaction for the preparation of coordination 
compound of palladium is as follows: 
Methyl alcohol 

[Pd (Cl)2] + 2L            [Pd (L2)Cl2]water 

 
Where L = Ally alcohol 
 

Characterization of the Complexes 

Carbon, hydrogen, and oxygen present in the 
investigated complex were estimated micro analytically. 
Magnetic susceptibility measurement was made at room 
temperature by Gouy method. A magnetic field strength 
of 8500 gauss was employed. The apparatus was 

calibrated using cobalt mercury thiocyanate Hg 

[Co(NCS)4]. The diamagnetic corrections were computed 
using Pascal’s constant. For calculation of effective 
magnetic moments, following equation has been used. 
 

Effective magnetic moments (μeff) = 2.84 (Xm 
corr 

.T)
1/2

 
 
Where T = temperature in absolute scale, and Xm 

corr
 = 

corrected molar susceptibility 
 
Conductance’s was measured in analytical grade  

 
Methanol using dip type cell with the help of a Philips 
Conductivity Bridge.

[9]
 

 

1
H NMR spectra of the synthesized compound will be 

recorded on AC 300F spectrometer (300MHz) using 

TMS as an internal standard. Electron spin resonance 
spectra of the complex were recorded at room 
temperature on a Varium E3 spectrometer using 
powdered sample at the microware frequency 9.53GHz. 
The complexes are non hygroscopic and stable at room 
temperature.  They are soluble in DMF and DMSO, 

slightly soluble in acetonitrile and insoluble in other 
organic solvent. 
 

3. RESULT AND DISCUSSION 

(i) Magnetic susceptibility of Palladium(II) 

complexes 

The magnetic values of the synthesized complex 
measured at room temperature. The magnetic moment 
values of the complex are zero. Hence, they are 
diamagnetic nature

2
. The analytical data of the ligand 

and its metal complex are given in table-2. 
 

(ii) Molar conductance of Palladium(II) complexes  

The molar conductance of palladium (II) complexes was 
studies at 3×10

-3
M concentration. The values of 

conductivity are summarized in Table-1. Complex 1-2 
was dissolved in DMF. The molar conductance data 
varies from 9.34-37.9 µs

-1
cm

2
mol

-1 
indicating that the 

complexes were found non-electrolytic nature. The molar 
conductance data revealed that metal to ligand molar 
ratio is 1:2 for complexes. 
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Table 1: Percentage composition of complex and Molar conductance. 

SN Complex 
Empirical 

Formula 
Color 

Formula 

Weight 

Yield 

(%) 

Conductance    

(µs
-1

cm
2
mol

-1
) 

3× 10
-3

 

(Calculated Value %) 

Observed Value  % 

C H N Pd 

1 [Pd(L1)2Cl2] C6H12O2 Cl2Pd Green 293.48 17.633 22.3 
(30.26) 

35.68 

(3.81) 

2.59 

- 

- 

(33.52) 

35.12 

 

(iii) Electronic Spectra of Ligands and Palladium(II) 

complexes 

The absorption spectra of palladium (II) chloride and 
their complexes were recorded in methanol/ 0.1 M HCl 
/DMF (according to their solubility) wavelength ranges 
from 1100 to 200 nm. The absorption band of Pd (II) in 
UV-Vis spectra should exhibit two d-d transition band 
1
A2g  A

’
2g (21,491) and 

1
B1g 

 
B

’
1 (33,095). In the 

synthesized complexes, absorption spectrum of [Pd(Allyl 

Alcohol)2Cl2] shows only 
1
B1g 

 
B

’
1,  d-d band because  

1A2g  A
’
2g band obscured due to the charge transfer 

overlapping.
[10]

 
 

The electronic spectral bands of the complexes and 
spectra were shown in Table-2 and Fig.-1 respectively.   

 
Table 2: Band Assignments of UV-Vis Spectra and Magnetic Susceptibility. 

SN Compounds 
Reported Band   

(Transition) 

Experimented                

Band 

(Transition) 

Wavelength 

Found                         

(nm) 

Wave number   

Found 

(cm
-1

) 

Magnetic 

Susceptibility 

(BM) 

1 [Pd(L1)2Cl2] 

1
A2g  A’2               

1
B1g     B’1 

** 
1
B1g     B

’
1 

302.72 33033.83 0.91 

 

 
Fig. 1: Electronic Spectra of [Pd(Allyl Alcohol)2Cl2]. 

 

(iv) Infrared Spectra of Ligands and Palladium(II) 

complexes 
The Infrared (IR) spectroscopy is one of the most 
common and widely used spectroscopic techniques 
employed mainly by inorganic and organic chemists due 
to its usefulness in determining structures of compounds 
and identifying them. Chemical compounds have 

different chemical properties due to the presence of 
different functional groups. The experimental FTIR 
spectrum of allyl alcohol and complex are illustrated in 
Fig.-2 and 3. Experimented frequencies are listed in 
table-3. The spectrum exhibited one bands at 3648 cm

-1
 

which is the characteristic vibrational frequencies of –

OH stretch in free ligand. The band at 1646 cm
-1

 
associated with the –C=C- stretch in free ligand, 
vibration 1111 cm

-1
 correspond to

 
C-O- stretching  and 

the characteristic vibrational frequency at 915 cm
-1

 to = 
CH2 twist and 553 cm

-1
 = CH   bending wagging of –CH2 

stretch, while complex of palladium(II) contains only 

one spectra i.e. 1384 cm
-1

 which corresponds to the –CH2 
wagging. The disappearance of frequency of    –OH 
group reflects that –OH group may bind to the 
palladium.

[11]
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Fig.-2: IR Spectra of Allyl Alcohol. 
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Fig. 3: IR Spectra of [Pd(Allyl Alcohol)2Cl2]. 

 
Table 3: Group assignment of IR Spectra of Allyl Alcohol and [Pd(Allyl Alcohol)2Cl2]. 
 

SN 

IR Spectra of 

Allyl Alcohol 

(Reported) 

IR Spectra of Allyl 

Alcohol (cm
-1

) 

(Experimented) 

IR Spectra of 

[Pd(Allyl Alcohol)2Cl2] 

(cm
-1

) 

Band  Assignments 

1 3650 3648 - v 1  -OH stretch 

2 3102 - - v 2 = CH2 antisymmetric stretch 

3 3031 - - v 3  = CH2 symmetric stretch 

4 2999 - - v 4  = C-H stretch 

5 2883 - - v 6  -CH2 symmetric stretch 

6 1647 1646 - v 7  -C = C- stretch 

7 1472 - - v 8  - CH2 deformation 

8 1412 - - v 9  = CH2 deformation 

9 1383 - 1384 v 10   - CH2 wag 

10 1332 - - v 11   - OH in- plane 

11 1191 - - v 13   - CH2 twist 

12 1103 1111 - v 14  - C- O- stretch 

13 1000 - - v 15   = CH2 wag 

14 966 - - v 17  - CH2 rock 

15 919 915 - v 18   = CH2 twist 

16 891 - - v 19 - C = C- stretch 

17 600 - - v 20 – C - C- O- bend 

18 554 553 - v 21  =CH bend 

19 249 - - v 23  - OH torsion 
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(v) 
1
H NMR 

The 
1
H NMR spectra of allyl alcohol and their complex 

were dissolved in DMSO and NMR spectra were 
recorded.

[12-15]
 The NMR spectra clearly revels that after 

the complexion with palladium the number of hydrogen 

remains same while the values of δ get increased. This 
phenomenon happed due to shielding effect. After the 
complexion hydrogen atoms are attracted to the metals. δ 
value of the both ligand and complexes were given in 

table- 4. 
 

Table 4: δ–value of 
1
H NMR Spectra of Ligands and Complexes. 

SN Ligand and Complex Proton δ – value 

1 Allyl Alcohol 
(d, J = 15.9 Hz, 1H), (m, 2H), (m, 3H), (d, J = 15.9 

Hz, 1H) 
6.82 , 5.65-6.54, 5.5-6.36, 

7.48 

2 [Pd(Allyl Alcohol)2Cl2] 
(d, J = 12.9 Hz, 1H), (m, 2H), (m, 3H),  (d, J = 11.9 

Hz, 1H) 
7.82 , 6.65-7.84 ,7.5-7.36, 

8.88 

 

 
Fig. 4: NMR Spectra of Allyl Alcohol. 

 

 
Fig. 5: NMR Spectra of [Pd(Allyl Alcohol)2Cl2]. 

 
(vi) Electrochemical behavior by cyclic voltammeter 

of Ligands and Palladium(II) complexes 

The cyclic voltammogram (CV) of Allyl Alcohol and 
complexes15-18 [Pd(allyl alcohol)2Cl2] in 20 Mm 
TBAP(DMF) in electrolyte is shown. The complexes of 
palladium (II) Allyl Alcohol exhibits a completely 
irreversible reduction at E1/2 = -528 and -252.5 mV 

respectively. The electrochemical data of ligand and their 
respective palladium(II) complexes are summarized in 
Table-5. Cyclic voltammetry is the most flexible electro 
analytical technique for the study of electro active 
species. The important parameters of a cyclic 

voltammogram are the magnitudes of the anodic peak 

current (ipa), cathodic peak current (ipc), anodic peak 
potential (Epa) and cathodic peak potential (Epc). The 
cyclic voltammogram of the Palladium(II) complex, 
recorded in TBAP (DMF/Acetonitrile/DMSO) and KCl 
in water as supporting electrolyte. The voltammogram of 
Allyl Alcohol shows one reduction peak Epc in cathodic 

direction which are assigned at Epc = -390 mV. The 
oxidation peak at -114 mV is due to irreversible 
oxidation of Allyl Alcohol. The Fig.-6 voltammogram of 
[Pd(Allyl Alcohol)2Cl2] shows one reduction peak Epc in 
cathodic direction which are assigned at Epc = -921 mV. 
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The oxidation peak at -135 mV is due to irreversible 
oxidation of [Pd(Allyl Alcohol)2Cl2]. 

 

 

 
Fig. 6: Cyclic Voltammogram of Allyl Alcohol and [Pd(Allyl Alcohol)2Cl2]. 

 
Table 5: Cyclic Voltameter Parameters. 

S.No  Ligand, Complexes  Epc (mV) Epa (mV)  Ep(mV) E1/2 (mV) 

1 Allyl Alcohol -390 -114 276 -252 

2 [Pd(Allyl Alcohol)2Cl2] -921 -135 786 -528 

 

(vii) ABTS Scavenging Activity 

Elangovan Sindhuja reported the interaction of palladium 

(II) with DNA/protein, toxicity ABTS scavenging 
activity.

[19-22]
 Icsel C. prepared palladium(II) and 

platinum(II) complexes with 5,5-diethylbarbiturate 
(barb), 2-phenylpyridine (Hppy), 2,2'-bipyridine (bpy) 
and 2,2'-dipyridylamine (dpya) and reported that the 
palladium(II) complex of thiocarboxamide have the 

lowest IC50 value
6 

Jelena M Maskovic reported the 
DPPH and ABTS scavenging activity of palladium(II) 
complexes.

[15-18]
 

In the present work we have evaluated the ABTS 
scavenging activity of palladium (II) complexes. The 

complexes of [Pd(Allyl Alcohol)2Cl2] shows the ABTS 
scavenging while rest of palladium(II) complexs were 
get precipitated on mixing the ABTS solution.  
 
Fig. 7 represent the inhibition curve of palladium(II) 
complexes and represent IC50 value of palladium(II) 

complexes. 

 

 
Fig. 6: Inhibition Curve of ABTS of Palladium (II) Complexes. 
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(viii) Biochemical properties of Palladium (II) 

complexes 
In the present work we have also evaluated the palladium 
(II) complexes for ABTS were shown significant 

antioxidant activity with its lowest inhibitory 
concentration was given in indole (145.20 µg/ml), allyl 
alcohol given (307.46µg/ml), and crotonaldehyde 
(302.47µg/ml). We have also performed DPPH 
Scavenging Activity and α- glucosidase inhibitory action 
but they does not show any activity.    

 

CONCLUSION 

In this work palladium (II) complexes of allyl alcohol 
Schiff base was synthesized and characterized by various 
physico-chemical properties. The mixed ligand complex 
[Pd(L2)Cl2] where (L = allyl alcohol, crotonadehyde and 

indole), have been prepared by the interaction of parent 
compound [PdCl2] with ligand. The complex is 
characterized by elemental analysis, magnetic 
measurement and infrared spectral studies. Antioxidant 
and ABTS free radical scavenging obtained best in Pd 
indole complex. The molecular orbital approach was 

used to explain the structure of square –planar complexes 
of the d elements.   
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